Long-term outcomes and hence the role of adjuvant therapy in patients with small (<1 cm), node-negative breast cancer remain unclear. This study's objective was to evaluate whether human epidermal growth factor receptor (HER)-2 status is an independent, poor prognostic marker in patients with these tumors and to identify a subgroup of patients with these small tumors who might benefit from adjuvant systemic therapy. All patients with a diagnosis of a node-negative breast tumor measuring <1 cm and available HER-2 test results between January 1, 2001, and December 31, 2005, at the three Mayo Clinic sites were identified. Clinicopathologic data were compared in three groups: HER-2 ؊ , HER-2 ؉ , and triple-negative (TN) tumors. Of the 421 tumors identified, 364 (86.5%) were HER-2 ؊ , 28 (6.7%) were HER-2 ؉ , and 29 (6.9%) were TN. The median follow-up time was 1,015 days (range, 1-2,549 days).
INTRODUCTION
Mammographic screening has made the diagnosis of small breast cancers a reality [1] . Tumor size and axillary lymph node status play an important part in predicting outcome in patients with this disease. The long-term prognosis for patients with small (Յ1 cm), node-negative breast cancer was thought to be excellent, with an 88% recurrence-free survival rate at 10 years [2] . However, breast cancer recurrence and death are known to occur in patients with T1N0M0 breast cancer. This uncertainty about the long-term prognosis of patients with small (Յ1 cm), node-negative tumors prompted a few retrospective evaluations worthy of consideration. The analysis of data from five National Surgical Adjuvant Breast and Bowel Project (NSABP) randomized clinical trials in the 1990s included 235 estrogen receptor (ER)
Ϫ and 1,024 ER ϩ , node-negative tumors, of which 40% measured Յ1 cm [3] . Eight-year follow-up data demonstrated that 23% of women with ER Ϫ tumors and 18% of women with ER ϩ tumors treated with surgery alone had a breast cancer recurrence or a contralateral breast cancer and an 8% mortality rate [3] . Eight-year data probably underestimate the long-term recurrence rates for small tumors, because breast cancer may recur beyond an 8-year period [4] . In a report of 10-year breast cancer outcomes in a Canadian population-based cohort of 326 patients with small (Յ1 cm), node-negative breast cancer, 21 (6.4%) had human epidermal growth factor receptor (HER)-2 ϩ disease, and those patients showed a trend toward worse recurrencefree survival but no difference in overall survival, compared with HER-2 Ϫ patients. Among the subgroup of 225 patients with tumors 0.6 -1.0 cm who did not receive adjuvant therapy, the 13 HER-2 ϩ patients trended toward a worse outcome (10-year recurrence-free survival rate, 68.4% versus 81.8%; p ϭ .312) [5] . These studies add to the premise that the prognosis for patients with tumors measuring Յ1 cm, although better than that for women with larger tumors, may not be good enough to exclude them as candidates for systemic adjuvant therapy. Although adjuvant therapy is now fairly routinely recommended for patients with node-positive breast cancer or node-negative breast cancer Ͼ1 cm, its potential role in small (Յ1 cm), node-negative tumors needs to be better defined. If tumor characteristics associated with aggressive disease could be identified, a subgroup of these patients could potentially be counseled and considered for adjuvant therapy.
The goal of this study was to test the hypothesis that HER-2 status is an independent, poor prognostic marker in node-negative tumors measuring Յ1 cm and to identify a subgroup of patients with these small tumors who have a recurrence rate Ͼ10% at 5 years based on ER, progesterone receptor (PR), and HER-2 status, making them eligible for consideration of adjuvant systemic treatment.
MATERIALS AND METHODS
All patients with small (Յ1 cm), node-negative breast cancer diagnosed at the three Mayo Clinic sites (Jacksonville,  FL 
3. The triple-negative (TN) group comprised patients whose tumors were ER
Patients were followed up every 4 -6 months for the first 5 years, then every 12 months, with a physical examination with or without routine laboratory studies. Mammography was performed every year or initially after 6 months if the patient received radiation therapy.
All patients had sentinel lymph node evaluation during surgery. Individual sentinel lymph nodes were macrosectioned in 1-to 2-mm slices, microscopically examined using three hematoxylin-eosin sections at different levels through the block, and further examined by cytokeratin AE1/AE3 staining at one level with one level negative control. Patients with positive lymph nodes, even those with microinvasive disease, were excluded. Data collected from medical records included age, grade and histologic type of the tumor, type of adjuvant treatment (radiation, chemotherapy, hormonal therapy), the recurrence rate, recurrence-free survival rate, and overall survival duration. Recurrence-free survival was defined as the time from diagnosis to the time of recurrence. Overall survival was calculated using the time from surgery until the time of death or most recent follow-up.
The study was approved by the Mayo Clinic Institutional Review Board.
Statistical Methods
The demographic and clinical characteristics of eligible patients were tabulated using number and percentage for categorical characteristics and median and range for continuous characteristics. Clinicopathologic data, recurrence, and survival were evaluated among the three study groups using Fisher's exact test to compare categorical variables and the Wilcoxon rank sum test to compare continuous variables. The median survival time was estimated using the Kaplan-Meier approach. Because of the large difference in the number of patients in each group and the small number of observed events, a descriptive approach was used in lieu of formal statistical comparisons of survival and recurrence time.
RESULTS
As described in Table 1 , 421 tumors in 413 patients met the inclusion criteria for this study: 364 (86.4%) were HER-2 Ϫ , 28 (6.7%) were HER-2 ϩ , and 29 (6.9%) were TN. The HER-2 Ϫ tumors constituted the reference group. Table 1 also describes demographic characteristics for both the overall sample and the three defined groups. Eight participants had multiple tumors; because those tumors had different characteristics, they were all included in the analysis. ER, PR, and HER-2 were tested separately in each tumor. Thus, the analysis was performed on a per-tumor basis, instead of a per-patient basis. tumors who had recurrences received trastuzumab; one had a local relapse treated with surgery and hormonal therapy and the other had a systemic relapse treated with chemotherapy and trastuzumab. Both those patients had lumpectomy followed by adjuvant radiation therapy as their primary treatment. Five patients had systemic recurrences, three had local recurrences, and one had a recurrence in the opposite breast. The one recurrence in the contralateral breast occurred in the HER-2 Ϫ group and was treated with surgery, radiation therapy, and chemotherapy. In the HER-2 ϩ group, 12 cases were ER Ϫ and PR Ϫ . Of these, two patients had a relapse, one local and one distant. Thus, both the relapses in the HER-2 ϩ group occurred in patients with hormone receptor-negative disease. The Kaplan-Meier curves for overall survival and recurrence-free survival for the three groups are shown in Figures 1 and 2 , respectively.
DISCUSSION
The availability and effectiveness of adjuvant breast cancer therapy have led to improvements in disease outcomes but have also raised several questions. (a) Should all patients, irrespective of tumor size, receive adjuvant therapy? (b) Is there a role for adjuvant trastuzumab therapy for small (Յ1 cm), node-negative tumors? (c) Should TN tumors be treated more aggressively, with a lower threshold for adjuvant treatment?
ER and HER-2 have been shown to be fairly reliable indicators of outcome in patients with invasive breast cancer Ͼ1 cm. However, the impact of tumor size on the decision to recommend systemic adjuvant therapies would be better predicted if there was a better understanding of the natural history of these small tumors. Several targeted treatments have a high likelihood of modifying the outcome of treatment in patients with small, node-negative breast cancer. These include antiestrogens, anti-HER-2 treatments, and chemotherapy. Various studies have reported that HER-2 status is an adverse prognostic marker in node-negative breast cancer patients, with higher risks for recurrence and death [6 -9] , but its prognostic importance in the subset of patients with small (Յ1 cm) tumors is not clearly documented.
The development of trastuzumab, a humanized monoclonal antibody against HER-2, has been a major advance in the treatment of HER-2 ϩ breast cancer [10 -12] . Adjuvant trastuzumab therapy has become the standard of care for node-positive or high-risk node-negative breast cancers based on reports of recent trials. Two of those trials were led by the NSABP and the North Central Cancer Treatment Group (NCCTG), and the combined results were published in October 2005 and updated in 2007 [13, 14] . Both studies included patients with histologically proven, node-positive disease and high-risk node-negative disease (defined as ER ϩ /PR ϩ tumors Ͼ2 cm in diameter or ER Ϫ /PR Ϫ tumors Ͼ1 cm in diameter). Only 191 patients (5.7%) included in the study were node negative, and only three of those patients had an event at the time of the analysis; hence, the effect of trastuzumab in this subgroup could not be commented upon.
The Herceptin Adjuvant (HERA) trial was the third recently reported trial evaluating trastuzumab in the adjuvant setting in patients with node-positive tumors and nodenegative tumors Ͼ1 cm [15, 16] . There were 1,100 nodenegative cases (33% of all the patients enrolled) included in that study, with an observed benefit with trastuzumab (number of events in the trastuzumab versus observation arm, 20 versus 40; hazard ratio, 0.51).
The interim analysis of Breast Cancer International Research Group (BCIRG) protocol 006 compared the control arm of chemotherapy with two experimental arms evaluating the benefit of adding trastuzumab to chemotherapy. Trastuzumab led to a 51% higher recurrence-free survival rate when added to doxorubicin and cyclophosphamide followed by docetaxel and a 39% higher recurrence-free survival rate when used in the docetaxel and carboplatin plus concurrent trastuzumab combination, compared with the control arm [17] . Unlike the HERA trial and the NCCTG N9831 trial, the BCIRG 006 trial did include some tumors measuring Ͻ1 cm, although the exact numbers have not yet been disclosed. The BCIRG 006 trial also included patients with node-negative tumors, although the inclusion criteria were different from those for the NCCTG N9831 trial and the HERA trial.
Since these trials, the role of trastuzumab in the adjuvant setting has been well established, although these treatment recommendations cannot be routinely extended to patients with node-negative tumors that measure Յ1 cm. The prognostic importance of HER-2 positivity in small (Յ1 cm), node-negative tumors and the potential benefit of extending trastuzumab to this group of patients remain to be evaluated.
A recently published study [18] reviewed the outcome of 965 patients with node-negative breast tumors measuring Յ1 cm. Patients with HER-2 ϩ tumors had a higher risk for recurrence at 5 years (hazard ratio, 2.68; 95% CI, 1.44 -5.0; p ϭ .002) than those with HER-2 Ϫ tumors. They did not report the effects of adjuvant chemotherapy or trastuzumab therapy or data on TN tumors separately. Recently, another group of patients with hormone receptor-negative and HER-2 Ϫ tumors was identified, who seem to have an overall worse outcome as a subset [19] . Whether this poor outcome extends to smaller tumors with this phenotype is unknown.
Our study provides insight into the natural history of small, node-negative tumors based on biological characteristics. Although as a class they seem to have an excellent outcome, certain subgroups (HER-2 ϩ and TN tumors) in our dataset showed a significantly higher recurrence rate than others. Of 28 patients with HER-2 ϩ disease, seven (25%) received adjuvant chemotherapy, although only five of those regimens included trastuzumab. Two patients in this group had recurrences, one locally and the other systemically; neither of those two patients had received adjuvant trastuzumab. Data on toxicity of adjuvant systemic therapy were not collected in our study. Although patients with HER-2 ϩ and TN tumors were more likely to receive adjuvant chemotherapy, their outcome was worse than that of the HER-2 Ϫ group. Hence, the question remains whether these patients derive any benefit from adjuvant therapy or if the risks of treatment outweigh the benefits. Larger studies with data on treatment toxicity and longer follow-up are needed to throw light on this issue. Although provocative, these data are retrospective, patient numbers are fairly small, and the follow-up time is too short to make any sweeping recommendations or control for potential confounders such as treatment regimen. However, it is appropriate to conclude that traditional prognostic markers like tumor size and grade are no longer enough on their own to prognosticate accurately. Molecular profiling of cancers is the next frontier, and individualized therapy based on not only morphology but also cancer genotype is likely the future of oncology.
